Introduction 23
The interpretation of measurement results requires knowledge of the degree of representativeness 24 of the measurand in the test portion for the corresponding measurand in the originally collected 25 material. A sample is denoted to be 'representative' when it can be expected to exhibit the average 26 properties of the material, environment or population it was taken from [1] . This is a common and 27 recognized issue in both analytical chemistry and forensic science. A good example is any large 28 amount of drug of abuse seized by Law Enforcement Agencies [2] . Drugs of abuse can be analyzed to 29 measure the percentage of the active ingredient or to obtain the elemental profile with the aim to 30 infer about a possible common source of seized samples [3] . 31
Whenever the analysis of large samples is possible, it is much easier to get representative sampling 32 results e.g., for the analysis of large batches of drugs of abuse. The trace elements of such samples 33 would be very useful to infer about their possible common source. 34
35
The ultimate test portion to be analyzed for element profiling is often much smaller than the amount 37 of material collected, varying from a few milligrams to a few grams of solids or in the range of a few 38 mL in the case of liquids. An indication of the typical test portion sizes routinely measured in the 39 most common analytical techniques is given in Table 1 . 40 Homogeneity is defined as 'the degree to which a property or substance is randomly distributed throughout the material' [2] . 3 The other techniques are prompt gamma analysis and photon activation analysis [8] . Large sample prompt gamma analysis can equally well be applied using the same neutron source(s) as for neutron activation analysis. The number of facilities for (large sample) photon activation analysis is, however, much smaller than for large sample NAA. NAA has already been applied for the analysis of large objects for many decades. The methodology 88 takes advantage of the high penetrating power of both the incoming radiation for activation 89 (neutrons) and the outgoing radiation to be measured (gamma-rays up to a few hundreds of milligrams are used; for such small amounts, the neutron and gamma-ray 172 self-attenuation effects may often be insignificant. Moreover, such small test portions can easily be 173 encapsulated in plastic vials with a well-defined geometry for handling during irradiation and 174 measurement. 175
A 'large sample' in NAA is defined as a test portion in which these neutron and gamma-ray self-176 attenuation cannot be neglected in view of the required degree of accuracy, and/or of which the 177 physical size requires significant corrections for its deviation from an idealistic point source 178 geometry, both during irradiation and counting. The geometry may still be well defined, e.g., by 179 using a 100 mL of 1 L plastic bottle for e.g. granular material, but a major attractiveness of large 180 sample analysis is that objects of any shape can be analyzed. 181
The corrections for these neutron and gamma-ray self-attenuations can be applied as the related 182 physics is fully understood [18] . Several approaches (mathematical, empirical) have been developed 183 to correct for the deviation of the point source geometry [19] [20] . 184
An important starting point in large sample NAA is that the increase in sample mass from a few 185 hundreds of milligrams to e. 
The analysis of medicinal products and drugs of abuse 285
The analysis of the elemental profile of drugs is important for two reasons: on one hand the search of 286 elements with potential to be toxic at low doses, on the other hand the profiling of the material, to 287 infer about the source. 288
Inorganic impurities are not only important to infer about drug origin, traffic routes, clandestine 289 laboratories and methods of drug preparation, but they can be toxic even at low levels, and hence 290 should be closely monitored to ensure safety of human health in any product available to the public. 291
Since 1990s many scientists tested a lot of technique, including NAA, AAS (Atomic Absorption 292 Spectroscopy), ICP-AES (Inductively Coupled Plasma-Atomic Emission Spectrometry) and ICP-MS 293 (Inductively Coupled Plasma-Mass Spectrometry) on samples of drugs of abuse. In current years the 294 increasing diffusion of fake or illegal pharmaceutical products is requiring an analytical approach 295 close to the one developed in cases of drugs of abuse, to protect public health. 296
More than 50 years ago NAA was used to analyse trace element in drugs samples [32], e.g. to obtain 297 information on the mass fractions of several toxic elements (Hg, Cd, As, Se, Sb, U The induced radioactivity in the samples upon exposing the objects with neutrons limits its handling 387 to authorized radiological workers at locations with a related safety regime. However, the induced 388 activity decays and the object may be safely released again after a certain period (which may vary 389 from a few days and months up to a year or more) that sometimes can be even well be estimated 390 before an irradiation is considered. 
